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1
METHODS AND APPARATUSES INCLUDING
STRINGS OF MEMORY CELLS FORMED
ALONG LEVELS OF SEMICONDUCTOR
MATERIAL

PRIORITY APPLICATION

This application is a divisional of U.S. application Ser. No.
13/222,602, filed Aug. 31,2011, which is incorporated herein
by reference in its entirety.

BACKGROUND

Computers and other electronic products, for example,
digital televisions, digital cameras, and cellular phones, often
use one or more memory devices to store information.
Memory devices include memory cells. As the demand for
increased storage capacity in memory devices increases,
there is a need to increase the density of the memory cells to
retain a correspondingly small device size.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of a memory device having
a memory array with memory cells, according to an embodi-
ment;

FIG. 2 shows a partial block diagram of a memory device
having a memory array including memory cells with access
components and memory elements, according to an embodi-
ment;

FIGS. 3 A through 3E show a single select gate drain archi-
tecture according to an embodiment;

FIGS. 4A through 4C show a dual select gate drain archi-
tecture according to an embodiment;

FIGS. 5A through 5K show various portions of a fabrica-
tion process to form strings of memory cells, according to an
embodiment; and

FIG. 6 shows a block diagram of a system embodiment,
including a memory device.

DETAILED DESCRIPTION

The description that follows includes illustrative appara-
tuses (e.g., circuitry, devices, structures, and systems) and
methods (e.g., fabrication processes, techniques, and tech-
nologies) that embody the inventive subject matter. In the
following description, for purposes of explanation, numerous
specific details are set forth in order to provide an understand-
ing of various embodiments of the inventive subject matter. It
will be evident, however, to those skilled in the art that various
embodiments of the inventive subject matter may be practiced
without these specific details. Further, well-known instruc-
tion instances, protocols, structures, fabrication technologies,
and techniques have not been shown in detail, so as not to
obscure the various illustrated embodiments.

As used herein, the term “or” may be construed in an
inclusive or exclusive sense. Additionally, although various
exemplary embodiments discussed below focus on a three-
dimensional (3D) NAND memory device, the embodiments
are merely given for clarity in disclosure, and thus, are not
limited to NAND memory devices or even to memory devices
in general. As an introduction to the subject, a few embodi-
ments will be described briefly and generally in the following
paragraphs, and then a more detailed description, with refer-
ence to the figures, will ensue.

One disclosed method of fabrication, and resulting appa-
ratus, has an architecture comprising a stacked three-dimen-
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sional structure. The structure may be used to form, for
example, strings of memory cells. In various embodiments,
single crystal silicon strings of memory cells are provided. In
such an embodiment, rather than building vertical polysilicon
strings on top of a substrate, the disclosed structure builds
stacked horizontal silicon strings into the substrate. Separate
string channels can run along both sidewalls in a given level of
single crystal silicon in the stacked structure. The sidewalls
are described in more detail, by way of example, with refer-
ence to FIG. 4B, below. The disclosed structure can utilize all
functions developed for, for example, planar NAND logic. At
the same time, the disclosed structure can increase the
memory density by stacking more memory strings in a given
area.

In various embodiments, an apparatus is provided that
includes a stack comprising a number of levels of semicon-
ductor material and a number of levels of dielectric material.
Each of the levels of semiconductor material is separated
from a respective adjacent one of the levels of semiconductor
material by at least a respective one of the levels of dielectric
material. A respective string of memory cells are formed
along each of the levels of semiconductor material.

In some embodiments of the apparatus, each of the levels of
semiconductor material comprises opposing ones of a first
sidewall and a second sidewall. A respective one of the strings
of memory cells is formed along a respective one of the levels
of semiconductor material that includes a first string of
memory cells formed along the first sidewall of the respective
level of semiconductor material and a second string of
memory cells formed along the second sidewall of the respec-
tive level of semiconductor material.

In various embodiments, a method is provided that
includes forming a first opening in a semiconductor substrate
and forming an alternating arrangement of first and second
blocks within the first opening. The first block comprises a
different material than the second block. A second opening is
formed within the alternating arrangement to form an alter-
nating arrangement of first and second sidewall blocks from
the first and second blocks, respectively. At least a portion of
the second sidewall blocks to expose portions of the substrate
and lateral openings are formed in the substrate at the exposed
portions.

In some embodiments of the method, prior to forming the
alternating arrangement of first and second blocks within the
first opening, a dielectric liner is formed on at least sidewalls
of'the first opening. Additionally, removing at least the second
sidewall blocks to expose portions of the substrate further
includes removing portions of the dielectric liner underlying
the second sidewall blocks, forming a control gate in the
second opening, and forming a number of charge storage
structures disposed between the control gate and remaining
portions of the substrate.

In various embodiments, an apparatus is provided that
includes a base substrate having a number of openings formed
therein and a stack formed between each of the number of
openings. Each stack has a number of levels of semiconductor
material and a number of levels of dielectric material. Each
level of the number of levels of semiconductor material is
separated from an adjacent level of semiconductor material
by at least one of the number of levels of dielectric material.
Also, each of the levels of semiconductor material has a first
side and an opposing second side. At least one string of
memory cells is formed along at least one of the first side and
the second side of the levels of semiconductor material.

In some embodiments of the apparatus, a number of control
gates are disposed within the number of openings in the base
substrate. A charge storage structure is disposed between a
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portion of each of the number of control gates and at least one
of the number of levels of semiconductor material.

In various embodiments, an apparatus is provided that
includes a base substrate having a number of openings formed
therein and a multiple level structure formed between each of
the number of openings. Each multiple level structure has a
number of levels of silicon material and a number of levels of
silicon dioxide material. Each level of the number of levels of
silicon material is separated from an adjacent level of silicon
material by at least one of the number of levels of silicon
dioxide material. Each of the levels of silicon material has a
first side and an opposing second side. At least one string of
memory cells is formed on each of the first side and the
second side of the levels of silicon material. A number of
control gates are disposed within the number of openings in
the base substrate. A charge storage structure is disposed
between a portion of each of the number of control gates and
at least one of the number of levels of silicon material.

Referring now to FIG. 1, a block diagram of an apparatus in
the form of a memory device 101 is shown. The memory
device 101 is shown to include a memory array 102 having a
number (e.g., one or more) of memory cells 100 according to
an embodiment. The memory cells 100 can be arranged in
rows and columns along with access lines 104 (e.g., wordlines
to conduct signals WLO through WLm) and first data lines
106 (e.g., bit lines to conduct signals BLO through BLn). The
memory device 101 can use the access lines 104 and the first
data lines 106 to transfer information to and from the memory
cells 100. A row decoder 107 and a column decoder 108
decode address signals AO through AX on address lines 109
to determine which ones of the memory cells 100 are to be
accessed.

A sense amplifier circuit 110 operates to determine a value
of information read from the memory cells 100 and the infor-
mation in the form of signals to the first data lines 106. The
sense amplifier circuit 110 can also use the signals on the first
data lines 106 to determine values of information to be written
to the memory cells 100.

The memory device 101 is further shown to include cir-
cuitry 112 to transfer information between the memory array
102 and input/output (I/O) lines 105. Signals DQO through
DQN on the I/O lines 105 can represent information read
from or to be written into the memory cells 100. The I/O lines
105 can include nodes within the memory device 101 (or
alternatively, pins, solder balls, or other interconnect tech-
nologies such as controlled collapse chip connection (C4), or
flip chip attach (FCA)) on a package where the memory
device 101 can reside. Other devices external to the memory
device 101 (e.g., a memory controller or a processor, not
shown in FIG. 1) can communicate with the memory device
101 through the I/O lines 105, the address lines 109, or control
lines 120.

The memory device 101 can perform memory operations,
such as a read operation, to read information from selected
ones of the memory cells 100 and a programming operation
(also referred to as a write operation) to program (e.g., to
write) information into selected ones of the memory cells
100. The memory device 101 can also perform a memory
erase operation to clear information from some or all of the
memory cells 100. A memory control unit 118 controls
memory operations based on signals on the control lines 120.
Examples of the signals on the control lines 120 can include
one or more clock signals and other signals to indicate which
operation (e.g., a programming or read operation) the
memory device 101 can or should perform. Other devices
external to the memory device 101 (e.g., a processor or a
memory controller) can control the values of the control
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signals on the control lines 120. Specific combinations of
values of the signals on the control lines 120 can produce a
command (e.g., a programming or read command) that can
cause the memory device 101 to perform a corresponding
memory operation (e.g., a program, read, or erase operation).

Each of the memory cells 100 can be programmed to a
different one of at least two data states to represent, for
example, a value of a single bit or a value of multiple bits such
as two, three, four, or a higher number of bits. For example,
each of the memory cells 100 can be programmed to one of
two data states to represent a binary value of “0” or “1” of a
single bit. Such a cell is sometimes called a single level cell.
In another example, each of the memory cells 100 can be
programmed to one of more than two data states to represent
a value of, for example, multiple bits, such as one of four
possible values “00,” “01,” “10,” and “11” of two bits, one of
eight possible values “000,” “001,” “010,” “011,” “100,”
“101,”“110,” and “111” of three bits, or one of another set of
values of multiple bits. A cell that can be programmed to more
than two data states is sometimes referred to as a multi-level
cell (or multi-state cell). Various operations on these types of
cells are discussed in more detail, below.

The memory device 101 can receive a supply voltage,
including supply voltage signals V. and V_, on a first supply
line 130 and a second supply line 132, respectively. Supply
voltage signal V can, for example, be at a ground potential
(e.g., having a value of approximately zero volts). Supply
voltage signal V can also operate at other voltages. Supply
voltage signal V__ can include an external voltage supplied to
the memory device 101 from an external power source such as
a battery or an alternating-current to direct-current (AC-DC)
converter circuitry (not shown in FIG. 1).

The circuitry 112 of the memory device 101 is further
shown to include a select circuit 115 and an input/output (I/O)
circuit 116. The select circuit 115 can respond to signals
SEL1 through SELn to select signals on the first data lines 106
and the second data lines 113 that can represent the informa-
tion read from or to be programmed into the memory cells
100. The column decoder 108 can selectively activate the
SEL1 through SELn signals based on the AO through AX
address signals on the address lines 109. The select circuit 115
can select the signals on the first data lines 106 and the second
data lines 113 to provide communication between the
memory array 102 and the I/O circuit 116 during read and
programming operations.

The memory device 101 can include a non-volatile
memory device and the memory cells 100 can include non-
volatile memory cells such that the memory cells 100 can
retain information stored therein when power (e.g., V., V.,
or both) is disconnected from the memory device 101.

Each of the memory cells 100 can include a memory ele-
ment having material, at least a portion of which can be
programmed to a desired data state (e.g., by storing a corre-
sponding amount of charge on a charge storage structure,
such as a floating gate or charge trap, coupled with various
threshold voltage, V,, changes after program or erase opera-
tions). Different data states can thus represent different values
of'information programmed in each of the memory cells 100.

The memory device 101 can perform a programming
operation when it receives (e.g., from an external processor or
a memory controller) a programming command and a value
of information to be programmed into one or more selected
ones of the memory cells 100. Based on the value of the
information, the memory device 101 can program the
selected memory cells to appropriate data states to represent
the values of the information to be stored therein.
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One of ordinary skill in the art may recognize that the
memory device 101 may include other components, at least
some of which are discussed herein. However, several of
these components are not necessarily shown in the figure, so
as not to obscure the various embodiments described. The
memory device 101 may include devices and memory cells,
and operate using memory operations (e.g., programming
and erase operations) similar to or identical to those described
below with reference to various other figures and embodi-
ments discussed herein.

With reference now to FIG. 2, a partial block diagram of an
apparatus in the form of a memory device 201 is shown to
include a memory array 202, including memory cells 200
with access components 211 and memory elements 222,
according to an example embodiment. The memory array 202
may be similar or identical to the memory array 102 of FIG.
1. As further shown in FIG. 2, the memory cells 200 are shown
to be arranged in a number of rows 230, 231, 232, along with
access lines, for example word lines, to conduct signals such
as signals WL0, WL1, and WL2. The memory cells are also
shown to be arranged in a number of columns 240, 241, 242
along with data lines, for example bit lines, to conduct signals
such as signals BL0, BL.1, and BL.2. The access components
211 can turn on (e.g., by using appropriate values of signals
WLO, WL1, and WL2) to allow access to the memory ele-
ments 222, such as to operate the memory elements as pass
elements, or to read information from or program (e.g., write)
information into the memory elements 222.

Depending on the memory type, programming information
into the memory elements 222 can include causing the
memory elements 222 to have specific resistance values or to
store specific amounts of charge. Thus, reading information
from a memory cell 200 can include, for example, determin-
ing a resistance value of the memory element 222 or deter-
mining whether the memory cell 200 is placed in a conductive
state in response to a specific voltage being applied to its
access component 211. In either case, such a determining act
may involve sensing a current (or absence of current) flowing
through the memory cell 200 (e.g., by sensing a current of a
bit line electrically coupled to the memory cell). Based on a
measured value of the current, a corresponding value of the
information stored in the memory can be determined. Deter-
mining values of the information based on the value of the
current is discussed in more detail, below. The value of infor-
mation stored in a memory cell 200 can be determined in still
other ways, such as by sensing a voltage of a bit line electri-
cally coupled to the memory cell.

FIGS. 3A through 3E show an apparatus in the form of a
memory device having a single select gate drain architecture
according to an embodiment. With specific reference to FIG.
3A, a schematic three-dimensional representation of a por-
tion of an apparatus 300 is shown to include three stacks 305,
each comprised of a number oflevels of semiconductor mate-
rial (e.g., silicon) 301 and a number of levels of dielectric
material (e.g., silicon dioxide) 303. In each stack 305, each of
the levels of the semiconductor material 301 is separated from
a respective adjacent one of the levels of the semiconductor
material 301 by at least a respective one of the levels of the
dielectric material 303. Each of the stacks 305 could be con-
sidered to be a multiple level structure. A person of ordinary
skill in the art, upon reading the disclosure provided herein,
will recognize that materials other than silicon and silicon
dioxide may be used. For example, various types of semicon-
ductor materials, such as various elemental and compound
semiconductors may be used as an alternative for or in con-
junction with the silicon. Additionally, various types of
dielectric materials, such as tantalum pentoxide (Ta,Os), sili-
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6

con nitride (Si,N,), aluminum oxide (Al,0,), hafhium oxide
(HfO,), or a variety of other dielectric materials can be used
as an alternative to or in conjunction with the silicon dioxide.

The apparatus 300 is also shown to include a select gate
source line 307, a select gate drain line 311, and a number of
access lines 309, for example word lines, to conduct signals.
Although FIG. 3A shows six of the access lines 309, any
number of lines may be used. As shown, each of the access
lines 309, the select gate source line 307, and the select gate
drain line 311 (albeit partially obscured) are electrically
coupled to (e.g., in direct contact with) corresponding control
gates 313. The control gates 313 are located in trenches,
where each of the illustrated trenches is formed between and
separates adjacent ones of the stacks 305. One example of
such a trench is described in more detail with reference to
FIG. 5A, below. Thus, each of the illustrated ones of the
control gates 313 is shared between respective neighboring
ones of the stacks 305, creating “common” control gates
between adjacent ones of the stacks 305. Further, as described
in more detail below by way of example, strings of memory
cells can be fabricated along the sidewalls of each of the
stacks 305.

As further shown in the apparatus 300, each level of the
semiconductor material 301 in a given stack 305 is electri-
cally coupled at one end to a number of contacts 317,
described in more detail, below. To access each level of the
semiconductor material 301 in the stack, an overlying level(s)
301, 303 of the stack 305 is stepped back on at least one end
from an underlying level of the semiconductor material 301.
Consequently, at least one end of the stack 305 is formed into
a staircase structure 315.

The smaller area shown encircled in FIG. 3A illustrates a
portion 319 ofthe contacts 317. The portion 319 is discussed
in detail with reference to FIG. 3B.

FIG. 3B shows a plan view of the portion 319 of FIG. 3A.
The portion 319 is shown to include two sidewall contacts
319A and a body contact 319B. The contacts 319A, 319B
provide a point of electrical coupling on various portions of
one end of a level of the semiconductor material 301. Conse-
quently, strings of memory cells can be fabricated on both
sides of each of the stacks 305 (e.g., so there are two memory
strings per each level of the semiconductor material 301 per
stack 305, one per level of the semiconductor material 301 on
either side of the stack 305). Consequently, with three of the
stacks 305 as shown in FIG. 3A, each with two sidewalls and
each with four levels of the semiconductor material 301, 24
separate strings of memory cells can be formed. Different
numbers of strings may be formed in other embodiments.

With continuing reference to FIG. 3B, ina specific embodi-
ment, for example, in an NMOS device, an N+ region is
diffused along the sidewall 331 along which various ones of
the memory cells of a particular string can later be fabricated
(discussed in more detail, below). In one example, the N+
region may be formed by implantation. Each of the two side-
wall contacts 319A contacts a respective N+ region of the
illustrated level of the semiconductor material 301. In an
NMOS device, the body contact 319B provides an electrical
contact to a common body 335 of the illustrated level of the
semiconductor material 301—in this case, a P body. A person
of'ordinary skill in the art will readily recognize that a PMOS
device can be constructed in a similar fashion with a N-type
body and P-type sidewalls.

Referring now to FIG. 3C, a plan view schematic 350 ofthe
apparatus 300 of FIG. 3A is shown. Each of the elements with
the same numbers refers to the same elements as shown in
FIG. 3A.
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The plan view schematic 350 is further shown to include a
number of source contacts 351, a number of data lines 353,
and a number of body contact lines 355 (although only one
body contact is shown for clarity, additional body contacts
may be formed to each of the levels of the semiconductor
material 301). Each of the source contacts 351 electrically
couples a number of the strings to a source line 306. Each of
the data lines 353 (e.g., bit lines) is electrically coupled to a
respective one of the strings at each of a number of the levels
of stack 305 by a respective one of the two sidewall contacts
319A, as described in more detail, below. Each of the body
contact lines 355 is electrically coupled to the body contacts
319B of a respective one of the stacks 305 or, alternatively, to
individual ones of the semiconductor materials 301 as dis-
cussed above.

As noted above with reference to FIGS. 3A and 3B, a
respective string of memory cells is fabricated along each
sidewall 331 at each level of each ofthe stacks 305. Therefore,
there are two strings per level of the semiconductor material
301 per stack 305. Each of the two strings formed along a
given level of the semiconductor material 301 of one of the
stacks 305 shares a common body 335 (FIG. 3B). As further
illustrated in FIG. 3C, two sectional indicators (Section X-X
and section Y-Y) provide reference locations for the respec-
tive cross-sectional elevational views, discussed by way of
example, with reference to FIGS. 3D and 3E, below.

FIG. 3D shows a cross-sectional view 370 of Section X-X
of the three-dimensional representation of an apparatus 300
of FIG. 3A. The cross-sectional view 370 shows a number of
the contacts 317 (including the two sidewall contacts 319A
and the body contact 319B) electrically coupled to the data
lines 353 of a first metal level 373 and a number of the
contacts 317 electrically coupled to data lines 353 of a second
metal level 371 (albeit not all the connections are shown so as
not to obscure the drawing; the remaining connections are
understandable by a person of ordinary skill in the art). The
body contact 319B may be punched through each level of the
semiconductor material 301 in the stack 305 as indicated by
the dashed line in FIG. 3D. Alternatively, a separate body
contact 319B may be individually coupled to each of the
semiconductor materials 301. Also, the body contact lines
355 may be constructed similarly as the body contact 319B.
Individual conductive lines within the first metal level 373
and the second metal level 371 correspond to the data lines
353 discussed with reference to FIG. 3C, above. A person of
ordinary skill in the art will further understand that additional
metal levels may be employed. Further, the cross-sectional
view 370 indicates how each of the levels of the semiconduc-
tor material 301 can be electrically accessed by the contacts
due to the staircase structure 315 discussed earlier with ref-
erence to FIG. 3A. For clarity in understanding, in a specific
embodiment of NMOS devices, a current (not shown) flows
along each of the strings, during operation and activation of
the string, from the select gate source line 307 to the select
gate drain line 311.

FIG. 3E shows a cross-sectional view 390 of Section Y-Y of
the three-dimensional representation of the apparatus 300 of
FIG. 3A. The cross-sectional view 390 indicates a number of
charge storage structures 391 (e.g., floating gates or charge
traps) disposed between each control gate 313 and each level
of the semiconductor material 301 in the stacks 305. Accord-
ingly, a control gate 313 is separated from a level of the
semiconductor material 301 by at least a charge storage struc-
ture 391. As illustrated in the specific embodiment of FI1G. 3E,
each of the charge storage structures 391 form a memory cell
element for a total of 15 memory cell elements. As noted
above, a different string of memory cells is running along
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each sidewall at each level of the semiconductor material 301
of'each stack 305. Consequently, each of the 15 memory cell
elements shown in FIG. 3E comprises one respective cell
within a respective one of 15 different strings. A first dielec-
tric material 395 electrically isolates each control gate 313
from an underlying portion of substrate 393. A second dielec-
tric material 397 electrically isolates each of the stacks 305
from an underlying portion of substrate 393. As discussed
below, by way of example with reference to FIGS. 5A through
5K, the first dielectric material 395 and the second dielectric
material 397 may be the same material. In other embodi-
ments, the first dielectric material 395 and the second dielec-
tric material 397 may comprise different materials. Further,
FIGS. 5A through 5K provide additional details on the overall
structure of the cross-sectional view 390 of Section Y-Y.

In a specific embodiment, a lateral dimension (e.g., width)
of the stacks 305 may be about 300 nm. A distance between
adjacent ones of the stacks 305 may be about 100 nm. There-
fore, a ratio of the width of the stacks 305 to the distance
between the stacks is about 3 to 1. A dimension of each level
of the semiconductor material 301 and each level of the
dielectric material 303 may be from about 25 nm to about 40
nm in thickness. Thus, the ratio of width to thickness of the
levels of the semiconductor material 301 and levels of the
dielectric material 303 may each be from about less than 8 to
1 to about 12 to 1. However, depending upon a selection of
final materials used in the various portions, the single select
gate architecture and a contemporaneous state of the art, the
dimensions shown may be considerably different than those
numbers shown above.

Referring now to FIG. 4A, a plan view schematic 400
shows an apparatus having a dual select gate drain architec-
ture. The plan view schematic of FIG. 4A is similar to the plan
view schematic 350 of FIG. 3C. However, FIG. 4A is shown
to include the second select gate drain line 401. Therefore, the
plan view schematic 400 may utilize two select gate drain
transistors instead of a single select gate drain transistor as
used by the device of FIGS. 3A through 3E. By adding an
additional select gate drain transistor, the number of metal
levels may be reduced to about one-half the number of levels
used in the single select gate drain option, discussed above.
Also, the number of contacts can be reduced by about one-
half. Further, the length of each memory string may be
reduced by about one-half. These reductions occur since the
operation of a string is controlled by both the second select
gate transistor and the data line.

For example, with the dual select gate drain architecture, an
operation of one string is controlled by both one select gate
drain transistors and one data line (e.g., the first data lines 106
(e.g., bit lines) of FIG. 1). In contrast, for the single select gate
drain approach of FIGS. 3A through 3E, a voltage is applied
and passed through the single select gate drain during pro-
gramming for an entire block of memory cells. A string of
memory cells not receiving programming is inhibited by
elevating a voltage on the appropriate data line to an inhibit
voltage.

The dual select gate drain architecture functions similarly
to the single select gate drain architecture. However, the dual
select gate drain architecture can also inhibit a string of
memory cells by turning off the appropriate select gate drain
transistor that controls the string without necessarily applying
an inhibit voltage to the data line corresponding to that string.
This dual select gate drain approach is described in more
detail, by way of example, with reference to FIGS. 4B and 4C,
below. As discussed in further detail below, with the dual
select gate drain architecture, the operation of one string is
controlled by both a select gate and bitcon. For the single
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drain select gate approach, a select gate voltage is turn on
during programming for an entire block, the string that is not
to be programmed is inhibited by elevating a data line voltage.
The dual drain select gate approach can use the single select
gate inhibit scheme as well, however it also can inhibit one or
more strings by turning off the select gate to shut off the string
even the data line voltage is low. With this approach, two
strings on the same semiconductor level can share the same
bitcon and same data line. Thus, the number of contact and the
number of dataline can be cut to one-half the single drain
select gate approach. Two strings on the same level can be
electrical separated by the two drain select gates. For
example, the second select gate drain line 401 can control left
string, while the select gate drain line 311 can control the right
string. This concept can be extended to multiple drain select
gates. For example, for a given number, n, of drain select
gates, the number of data line and contacts can be reduced by
n times.

With reference to FIG. 4B, a schematic three-dimensional
representation of a portion of an apparatus having a dual
select gate drain architecture 430 is shown to include five of
the stacks 305 comprised of alternating levels of the semicon-
ductor material 301 and the dielectric material 303. Also as
shown, the dual select gate drain architecture 430 is shown to
include a first one of the select gate drain line 311 and a
second select gate drain line 401. In the example of FIG. 4B,
the first select gate drain line 311 is electrically coupled to a
first set of control gates 435. The second select gate drain line
401 is electrically coupled to a second set of control gates 431.
FIG. 4B also indicates a Y'-Y' cross-section. The Y'-Y' cross-
section is discussed below with reference to FIG. 4C.

With continued reference to FIG. 4B, the leftmost of the
second set of control gates 431 is located between a right
sidewall 437 and a left sidewall 439 of the first two (left-most)
of adjacent ones of the stacks 305, respectively. Thus, the
second select gate drain line 401 is electrically coupled to the
second set of the control gates 431, with a respective one of
the second set of control gates 431 in every other trench. The
second set of control gates 431 and levels of the semiconduc-
tor material 301 in each of the four left-most ones of the stacks
305 form second select gate drain transistors, each of which
controlling current flow through a respective string of
memory cells formed along one respective sidewall 437, 439,
445, 447 of each of the four left-most ones of the stacks 305.
Similarly, the first set of control gates 435 and levels of the
semiconductor material 301 in each of the four right-most
ones of the stacks 305 form first select gate drain transistors,
each of which controlling current flow through a respective
string of memory cells formed along one respective sidewall
441, 443, 449, 451 of each of the four right-most ones of the
stacks 305. As shown in the example of FIG. 4B, each of the
stacks 305 has four levels of the semiconductor material 301.
Consequently, a total of 24 select gate transistors are formed
between the total of five of the stacks 305 and first and second
set of control gates 431, 435 shown in FIG. 4B. In various
embodiments, other numbers of select gate transistors can be
formed.

Each of the select gate drain transistors can control the
current flowing through a respective sidewall of a respective
one of the levels of the semiconductor material 301 and, as a
result, the current flowing through a string of memory cells
built along that sidewall of a respective one of the stacks 305.
A more detailed description and process of fabricating the
memory cells is given, by way of example, with reference to
FIGS. 5A through 5K, below.

FIG. 4C shows a cross-sectional view 450 of Section Y'-Y'
of'the three-dimensional representation of the dual select gate
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drain architecture 430 of FIG. 4B. Although the cross-sec-
tional view 450 is similar to the cross-sectional view 390 of
FIG. 3E, the charge storage structures 391 disposed between
the levels of the semiconductor material 301 in the stacks 305
and the control gates 431 (of FIG. 4B) are not shown so as to
more clearly illustrate the alternating nature of the control
gates 435. Based on at least FIG. 3E, FIG. 4C, and reading the
disclosure provided herein, a person of ordinary skill in the art
will readily understand how to fabricate and operate the vari-
ous select gate transistors and strings of memory cells
described. As noted above, a respective string of memory
cells may be formed along a sidewall of each level of the
semiconductor material 301 in each stack 305.

FIGS. 5A through 5K show various portions of a fabrica-
tion process to form strings of memory cells, according to an
embodiment. As discussed above, the techniques and fabri-
cation processes described herein can be extended to a num-
ber of different apparatuses to be fabricated using a three-
dimensional process. However, fabrication of strings of
memory cells will be described below to retain clarity and
consistency in the discussions that follow.

In FIG. 5A, a substrate 501 A has been etched or otherwise
partially opened to form an opening 505 therein. The sub-
strate 501 A can include, for example, any of various types of
substrates used in the semiconductor and allied industries
(which are referred to herein as “semiconductor substrates™).
Substrate types may therefore include silicon wafers, com-
pound wafers, thin film head assemblies, polyethylene-
terephthalate (PET) films deposited or otherwise formed with
a semiconducting layer, or numerous other types of substrates
known independently in the art. Also, the substrate may com-
prise a region of a semiconductor material formed over a
non-semiconductor material, or vice-versa. For ease of under-
standing the fabrication activities that follow, the substrate
501 A may be considered to be a silicon wafer. Upon reading
and understanding the disclosure provided herein, a person of
ordinary skill in the art will understand how to modify the
fabrication activities to account for other types of materials
and electronic devices.

In one embodiment, the opening 505 is a trench. In other
embodiments, the opening can be comprised of geometries
other than a trench. However, for ease in understanding fab-
rication of the inventive subject matter discussed herein, the
opening 505 can be considered to be a trench. In a specific
example, the opening 505 is 1000 A wide and may be formed
to any depth as discussed, by way of example, below. In a
specific embodiment, the opening 505 can be formed by an
anisotropic dry etch process (e.g., reactive ion etch (RIE) or
plasma etch). In other embodiments, the opening 505 may be
formed by various types of chemical anisotropic etchants
(e.g., such as potassium hydroxide (KOH) or tetramethyl
ammonium hydroxide (TMAH)), mechanical techniques,
other types of ion milling, or laser ablation techniques. In the
case of a chemical etchant, various lattice planes in, for
example, single crystal materials can assist in vertical side-
wall formation. However, in other embodiments, vertical
sidewall formation is not necessary and a sidewall slope to the
opening 505 may be considered in certain applications.
Related industries such as micro-electrical mechanical sys-
tems (MEMS) may independently supply techniques for still
further means to form the opening 505.

A hard mask 503 is formed over the substrate 501A. The
hard mask 503 may comprise, for example, a photoresist layer
or other type of applied material that is resistant to various
ones of the chemical process activities discussed, by way of
example, below. Further, although the process actions may
refer to particular dielectric materials, such as silicon dioxide,
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silicon nitride, or others, a person of ordinary skill in the art
and familiar with this disclosure will recognize that other
dielectric materials may be substituted and still be within a
scope of the inventive subject matter. Thus, the material
choices and selections presented are merely provided as an
aid in understanding one example of a fabrication process.

In FIG. 5B, a silicon dioxide liner 507A may be formed
over the substrate 501 A (including on the sidewalls and bot-
tom of the opening 505) and the hard mask 503. A silicon
nitride fill 509A is then applied, deposited, or otherwise
formed over the silicon dioxide liner 507A. Although the
example in FIG. 5B shows the silicon nitride fill 509A com-
pletely covering the silicon dioxide liner 507 A, it is sufficient
to only partially fill a lower-most portion of a cavity (e.g., to
cover the closed end of the cavity) formed within the silicon
dioxide liner 507A.

In FIG. 5C, the silicon nitride fill 509A is etched back or
otherwise partially removed to form a first (silicon nitride)
block 509B. In a specific example, the first block 509B may
be from about 200 A to about 300 A (e.g., 20 nm to 30 nm) in
thickness.

In FIG. 5D, a silicon dioxide fill 511A is then applied,
deposited, or otherwise formed over the first block 509B. As
with the silicon nitride fill 509A discussed above, the silicon
dioxide fill 511 A may only partially fill the cavity remaining
over the first block 509B.

FIG. 5E shows the silicon dioxide fill 511A after being
etched back or otherwise partially removed to form a second
(silicon dioxide) block 511B. In a specific example, the sec-
ond block 511B may be from about 100 A to about 400 A
(e.g., 10 nm to 40 nm) in thickness. In other examples, the
second block may be from about 100 A to about 200 A (e.g.,
10 nm to 20 nm) in thickness. Portions of the silicon dioxide
liner 507A may also be removed during the partial removal of
the silicon dioxide fill 511A leaving a reduced silicon dioxide
liner 507B. The dimensions shown are merely provided as an
aid in understanding and may vary considerably depending
on, for example, different apparatuses or design rules.

With reference now to FIG. 5F, the process discussed by
way of example above with reference to FIGS. 5B through 5F
may be repeated any number of times to form an alternating
arrangement of the first blocks 513 A (e.g., including the first
block 509B) and the second blocks 515A (including the block
511B) within opening 505. As further discussed above, each
of the blocks may comprise different materials other than
those shown. As readily understood by a person of ordinary
skill in the art upon reading and understanding the disclosure
provided herein, any number of materials may be selected for
the blocks provided there is an etch or chemical consumption
rate difference between adjoining blocks and the substrate
501A. For example, alternating layers of aluminum oxide
(AL,O;) and hafnium oxide (HfO,) can be substituted for the
silicon nitride and silicon dioxide blocks. Also, various other
combinations may also be substituted or included.

Further, one or more of the various blocks may include
more than one material type provided etch or chemical con-
sumption differences, discussed above, are considered.
Depending upon which of the blocks is last etched or other-
wise partially removed, a dielectric liner 507C may be present
on the hard mask 503 as shown. The dielectric liner S07C still
separates the various blocks from the substrate 501A in either
case. For example, if the final material removed in the process
is silicon nitride, the dielectric liner 507C may be on the hard
mask 503. Alternatively, if the final material removed in the
process is silicon dioxide, then the dielectric liner 507C may
not be present on the hard mask 503.
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Further, FIG. 5F shows a first block 509B, 513A on both
the bottom and top of the alternating arrangement. However,
there is no requirement for this arrangement. For example, a
second block 515A, 511B may be formed on the top and
bottom of the alternating arrangement. Alternatively, a sec-
ond block 511B may be formed on the bottom and a first block
513 A on the top of the alternating arrangement, or vice versa.
The final arrangement may be based on, for example, the
particular apparatus being formed.

With reference now to FIG. 5G, a second opening 517 is
formed within the alternating arrangement (e.g., through the
various blocks previously fabricated). The second opening
may be formed by, for example, a dry etch process, such as a
reactive ion etch (RIE) or various types of plasma etch. Alter-
natively or in conjunction, mechanical milling, ion milling,
laser ablation, sputter etch, or vapor phase etchants may be
used to form the second opening 517. Forming the second
opening forms an alternating arrangement of first sidewall
(silicon nitride) blocks 513B, 509C and second sidewall (sili-
con dioxide) blocks 515B, 511C.

In a specific example, the second opening 517 may be
formed such that a resulting width of the sidewall blocks is
about 200 A to about 300 A. As discussed above with refer-
ence to FIG. 5A, the opening 505 was described as a trench
about 1000 A wide, W,. Thus, since the width, t,, of the
sidewall blocks on each side of the trench is about 300 A and
the opening 505 (FIG. 5A) was about 1000 A wide, a resultant
width of the second opening can be about 400 A wide. How-
ever, these numbers are merely provided as examples and
may vary depending on a number of factors such as the
apparatus being fabricated, a depth of the opening 505, and an
overall density of memory cells selected for a given design.

With concurrent reference to FIGS. 5G and 5H, the second
sidewall blocks 515B, 511C and portions of the dielectric
liner 507C underlying the second sidewall blocks are etched
or otherwise removed to expose portions of the substrate
501A. After these silicon dioxide areas are removed, the first
sidewall blocks 509C, 513B, and portions of the dielectric
liner 507D underlying the first sidewall blocks remain within
the second opening 517. A subsequent removal of at least a
portion of the exposed portions of substrate S01A occurs by,
for example, use of an anisotropic removal activity.

In a specific example, the anisotropic removal activity may
be performed with an etchant, such as TMAH, leaving an
etched substrate 501B. If the substrate 501A is selected to be
silicon or another single crystal material, an orientation may
be selected to open a number of lateral openings 519 that are
substantially perpendicular (i.e., about a 90° lateral etch) to
the second opening 517. For example, both a <100> and a
<111> oriented silicon will etch with the lateral openings
being substantially perpendicular to the second opening 517.
The etchant may be chosen to have a high etch selectivity
between the silicon nitride and the substrate and high etch
selectivity between crystal orientations. Both TMAH and
KOH have a high etch selectivity rate difference between
silicon nitride or silicon dioxide and silicon. KOH may also
be used as a chemical etchant provided that potential potas-
sium contamination is not a concern for a particular device
being fabricated.

In other specific examples, other chemicals may be used
for an anisotropic silicon etch. In addition to TMAH and
KOH, ethylene-diamene-pyrocatechol (EDP) may also be an
effective etchant. Although primarily anisotropic etchants
have been discussed, isotropic etchants may also be
employed. For example, a hydrofluoric/nitric/acetic (HNA)
acid chemical etchant may be used.
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Referring now to FIG. 51, an embodiment is shown for
forming stacks of alternating levels of semiconductor mate-
rial levels of dielectric material. Since the lateral openings
519 of FIG. 5H were only partially etched through, a substrate
pillar portion 523 was left between adjacent ones of the lateral
openings 519. In FIG. 5I the lateral openings 519 of FIG. 5H
are now filled with, for example, a thermally grown silicon
dioxide, creating a number of filled areas 521. Alternatively,
rather than a thermally grown oxide, the filled areas 521 can
be formed by a deposition process such as chemical vapor
deposition (CVD), atomic level deposition (ALD), physical
vapor deposition (PVD), or other techniques known indepen-
dently in the art. The filled areas 521 formed in the lateral
openings 519 between portions of the substrate 501D.
Depending upon the thickness of the substrate pillar portion
523, the thermal oxidation process used to form the filled
areas 525 in the example just described may completely con-
sume the substrate pillar portion 523 as discussed, by way of
example, with reference to FIG. 5]-2, below. However, the
device will still function with the substrate pillar portion 523
remaining.

In FIG. 5]-1, the first sidewall blocks 509C, 513B have
been removed. The first sidewall blocks 509C, 513B may be
removed by various etchants or other means as discussed
herein. Also, the remaining portions of the dielectric liner
507D may optionally be removed and replaced by a higher
quality dielectric 507E, such as a tunnel oxide material. The
tunnel oxide material may be, for example, a thermally grown
silicon dioxide material. As can further be seen from FIG.
5]-1, at least one material in the stack of alternating materials
is substantially coplanar with a bottom portion of the number
of trenches (see also FIGS. 3E and 4C).

FIG. 5]-2 is similar to the structure of FIG. 5]-1. However,
each of the substrate pillar portions 523 has been consumed
by the thermal oxidation process as discussed above with
reference to FIG. SI.

FIG. 5K shows an elevational view of a completed portion
of'a stack of alternating levels of semiconductor material and
dielectric material. The elevational view of FIG. 5K may be
similar to the cross-sectional view 390 of Section Y-Y of FIG.
3E. The elevational view shows a number of the charge stor-
age structures 391 that have been added and disposed
between each level of the semiconductor material 301 and
each control gate 313 in the stack 305. Each of the charge
storage structures 391 forms a memory cell element for a total
of'the 15 memory cell elements as viewable from FIG. 5K. As
noted above, a respective string of memory cells is disposed
along a sidewall at each level of the semiconductor material
301 of the stack 305. Consequently, each of the 15 memory
cell elements shown in FIG. 5K comprises one respective cell
within a respective string. The control gates 313, the charge
storage structures 391, and the access line 309 may be formed
from, for example, polysilicon or some other conductor, using
techniques such as those already known in the art.

The fabrication techniques and apparatuses resulting there-
from described, by way of example above, may use single
crystal silicon as a string channel (e.g., see FIG. 3B). How-
ever, the three-dimensional stacks (e.g., the stacks 305 of
FIG. 3A et seq.) can advantageously be used to increase cell
density while maintaining a relatively small footprint. Fur-
ther, the fabrication techniques and architectures resulting
therefrom can be extended to NOR devices, microcontroller
devices, other memory types, general purpose logic, or a host
of other apparatuses. Various three-dimensional devices,
repeating devices (e.g., SRAM), transistors, standard CMOS
logic, and so on may all benefit from application of the three-
dimensional processes disclosed herein.

10

15

20

25

30

35

40

45

50

55

60

65

14

With reference now to FIG. 6, a block diagram of an illus-
trative embodiment of an apparatus in the form of a system
600 including one or more memory devices (e.g., the memory
device 101 of FIG. 1) is shown. The system 600 may be used
in devices such as, for example, a personal digital assistant
(PDA), alaptop or portable computer with or without wireless
capability, a web tablet, a wireless telephone, a pager, an
instant messaging device, a digital music player, a digital
camera, or other devices that may be adapted to transmit or
receive information either wirelessly or over a wired connec-
tion. The system 600 may be used in any of the following
systems: a wireless local area network (WLAN) system, a
wireless personal area network (WPAN) system, or a cellular
network.

The system 600 of FIG. 6 is shown to include a controller
603, an input/output (I/0) device 615 (e.g., a keypad or a
display), the memory device 101 of FIG. 1, a wireless inter-
face 611, and a static random access memory (SRAM) device
601 clectrically coupled to each other via a bus 609. A battery
605 may supply power to the system 600 in one embodiment.
The memory device may include a NAND memory, a flash
memory, a NOR memory, a combination of these, or the like.

The controller 603 may include, for example, one or more
microprocessors, digital signal processors, micro-control-
lers, or the like. The memory device 101 may be used to store
messages transmitted to or by the system 600. The memory
device 101 may optionally also be used to store instructions
that are executed by the controller 603 during operation ofthe
system 600 and may be used to store user data either gener-
ated, collected, or received by the system 600 (such as image
data). The instructions may be stored as digital information
and the user data, as disclosed herein, may be stored in one
section of the memory as digital data and in another section as
analog memory. As another example, a given section at one
time may be labeled to store digital information and then later
may be relabeled and reconfigured to store analog informa-
tion.

The I/0 device 615 may be used to generate amessage. The
system 600 may use the wireless interface 611 to transmit and
receive messages to and from a wireless communication net-
work with a radio frequency (RF) signal. Examples of the
wireless interface 611 may include an antenna, or a wireless
transceiver, such as a dipole antenna. However, the scope of
the inventive subject matter is not limited in this respect. Also,
the I/O device 615 may deliver a voltage reflecting what is
stored as either a digital signal (if digital information was
stored), or as an analog signal (if analog information was
stored). While an example in a wireless application is pro-
vided above, embodiments of the inventive subject matter
disclosed herein may also be used in non-wireless applica-
tions as well.

The various illustrations of apparatus (e.g., the memory
device 101 and examples of the various fabrication stages
illustrated with reference FIGS. 5 through 5K) are intended to
provide a general understanding of the structure of various
embodiments and are not intended to provide a complete
description of all the elements and features of the apparatus
that might make use of the structures, features, and materials
described herein.

The apparatus of the various embodiments may include or
be included in, for example, electronic circuitry used in high-
speed computers, communication and signal processing cir-
cuitry, single or multi-processor modules, single or multiple
embedded processors, multi-core processors, data switches,
and application-specific modules including multilayer, multi-
chip modules, or the like. Such apparatuses may further be
included as sub-components within a variety of electronic
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systems, such as televisions, cellular telephones, personal
computers (e.g., laptop computers, desktop computers, hand-
held computers, tablet computers, etc.), workstations, radios,
video players, audio players, vehicles, medical devices (e.g.,
heart monitors, blood pressure monitors, etc.), set top boxes,
and various other electronic systems.

One skilled in the art will appreciate that, for this and other
methods disclosed herein, the methods may be implemented
in a differing order. Further, the outlined acts and operations
are only provided as examples, and some of the acts and
operations may be optional, combined into fewer acts and
operations, or expanded into additional acts and operations
without detracting from the essence of the disclosed embodi-
ments.

The present disclosure is therefore not to be limited in
terms of the particular embodiments described in this appli-
cation, which are intended as illustrations of various aspects.
For example, instead of floating gate flash memory devices,
charge trap memory devices may be used. Many modifica-
tions and variations can be made, as will be apparent to a
person of ordinary skill in the art upon reading and under-
standing the disclosure. Functionally equivalent methods and
devices within the scope of the disclosure, in addition to those
enumerated herein, will be apparent to a person of ordinary
skill in the art from the foregoing descriptions. Portions and
features of some embodiments may be included in, or substi-
tuted for, those of others. Many other embodiments will be
apparent to those of ordinary skill in the art upon reading and
understanding the description provided herein. Such modifi-
cations and variations are intended to fall withina scope of the
appended claims. The present disclosure is to be limited only
by the terms of the appended claims, along with the full scope
of'equivalents to which such claims are entitled. It is also to be
understood that the terminology used herein is for the purpose
of describing particular embodiments only and is not
intended to be limiting.

The Abstract of the Disclosure is provided to comply with
37 C.F.R. §1.72(b), requiring an abstract allowing the reader
to quickly ascertain the nature of the technical disclosure. The
abstract is submitted with the understanding that it will not be
used to interpret or limit the claims. In addition, in the fore-
going Detailed Description, it may be seen that various fea-
tures are grouped together in a single embodiment for the
purpose of streamlining the disclosure. This method of dis-
closure is not to be interpreted as limiting the claims. Thus,
the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as
a separate embodiment.

What is claimed is:

1. A method comprising:

forming a first opening in a semiconductor substrate;

forming an alternating arrangement of first and second

blocks within the first opening, the first block compris-
ing a different material than the second block;

forming a second opening within the alternating arrange-

ment to form an alternating arrangement of first and
second sidewall blocks from the first and second blocks,
respectively;

removing at least the second sidewall blocks to expose

portions of the substrate; and

forming lateral openings in the substrate at the exposed

portions.

2. The method of claim 1, further comprising:

prior to forming the alternating arrangement of first and

second blocks within the first opening, forming a dielec-
tric liner on at least sidewalls of the first opening,
wherein removing at least the second sidewall blocks to
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expose portions of the substrate further comprises
removing portions of the dielectric liner underlying the
second sidewall blocks;

forming a control gate in the second opening; and

forming a number of charge storage structures disposed

between the control gate and remaining portions of the
substrate.

3. The method of claim 1, wherein forming a first opening
in a semiconductor substrate comprises forming a trench in a
silicon substrate.

4. The method of claim 3, wherein a respective silicon
pillar is left between each of the lateral openings and a respec-
tive corresponding lateral opening is formed from another
opening in the substrate.

5. The method of claim 3, further comprising forming a
dielectric material within the lateral openings in the silicon
substrate.

6. A method of fabricating an electronic device, the method
comprising:

forming a plurality of trenches in a base substrate;

forming alternating layers of semiconductor material and

dielectric material disposed within each of the plurality
of trenches;
forming an opening at least substantially through the alter-
nating layers of semiconductor material and dielectric
material thereby forming sidewalls on the alternating
layers of semiconductor material and dielectric material;

forming a control gate within the opening and proximate to
a portion of the sidewalls of the alternating layers of
semiconductor material and dielectric material; and

forming a charge storage structure disposed between the
control gate and sidewalls of the layers of semiconductor
material.
7. The method of claim 6, wherein the alternating layers of
semiconductor material and dielectric material are formed
from alternating silicon and silicon dioxide layers.
8. The method of claim 6, wherein the charge storage
structure is a floating gate formed on opposing sides of the
control gate proximate to the sidewalls of the layers of semi-
conductor material.
9. The method of claim 6, further comprising:
forming a first of the alternating layers of semiconductor
material and dielectric material substantially coplanar
with a bottom portion of the plurality of trenches; and

forming each of the remaining ones of the alternating lay-
ers of semiconductor material and dielectric material
over a preceding one of the alternating layers of semi-
conductor material and dielectric material.

10. The method of claim 6, further comprising:

removing the dielectric material to expose portions of the

base substrate; and

forming lateral openings in the base substrate at the

exposed portions.

11. The method of claim 10, further comprising forming a
dielectric material within the lateral openings in the base
substrate.

12. The method of claim 11, wherein the base substrate
comprises a silicon substrate, the dielectric material com-
prises thermally-grown silicon dioxide.

13. The method of claim 12, wherein the thermally-grown
silicon dioxide formed within the lateral openings in the
silicon substrate substantially consume a respective silicon
pillar left between each of the lateral openings and a respec-
tive corresponding lateral opening formed in an adjacent one
of the plurality of trenches in the substrate.

14. A method of fabricating a device, the method compris-
ing:
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forming a first trench in a silicon substrate;

forming alternating layers within the trench, the alternating
layers consisting of a first material and a second material
that is dissimilar to the first material,

forming a second trench within the alternating layers, the

second trench being substantially parallel with the first
trench and formed substantially entirely within the first
trench;

removing the second material; and

laterally forming openings in the silicon substrate, the

openings being proximate to a prior location of the
removed second material.

15. The method of claim 10, further comprising:

prior to forming the alternating layers within the first

trench, forming a liner dielectric on sidewalls of the first
trench;
forming a control gate proximate to a remaining portion of
a sidewall of the second trench; and

forming a charge storage structure disposed between the
control gate and each of the remaining portions of the
sidewall of the second trench.

16. The method of claim 15, further comprising reforming
the liner dielectric on the sidewalls of the first trench after
forming each subsequent layer of the second material.

17. A method of fabricating a device, the method compris-
ing:

forming a plurality of first trenches in a silicon substrate;

forming pairs of a first dielectric material and a second

dielectric material within each of the plurality of
trenches, the second material being dissimilar to the first
dielectric material, the pairs forming a multiple level
structure;
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forming a second trench substantially through the multiple
level structure formed in each of the plurality of first
trenches in the silicon substrate;

removing the second dielectric material from the multiple

level structure formed in each of the plurality of first
trenches in the silicon substrate;

forming lateral openings in the silicon substrate, the lateral

openings being proximate to a prior location of the
removed second dielectric material; and

removing the first dielectric material.

18. The method of claim 17, wherein forming the lateral
openings in the silicon substrate opens a lateral via to an
adjacent one of the plurality of first trenches.

19. The method of claim 17, wherein forming the lateral
openings in the silicon substrate leaves a portion of silicon
remaining in between a first of the plurality of first trenches
and an adjacent one of the plurality of first trenches.

20. The method of claim 19, wherein the portion of silicon
remaining forms a body contact.

21. The method of claim 17, further comprising:

forming a dielectric material within the lateral openings in

the silicon substrate;

forming a plurality of control gates, each of the plurality of

control gates being proximate to a portion of a sidewall
of the plurality of second trenches; and

forming a floating gate disposed between the plurality of

control gates and the portion of the sidewall.

22. The method of claim 21, further comprising forming at
least one select gate transistor coupled to alternating ones of
the plurality of control gates.

23. The method of claim 21, further comprising forming at
least one string of memory cells on the portion of the sidewall
of the plurality of second trenches.
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